The rice weevil Sitophilus oryzae is a major stored grain pest infesting many grains in storage mainly wheat, rice and maize. Toxic effects of certain extracted botanical essential oils (EOs) were evaluated against the adults of Sitophilus oryzae (Linnaeus) (Coleoptera: Curculionidae). Bioassays were carried out by fumigation and guide tables were presented to show the effective range of concentrations of each of the evaluated essential oils and their corresponding mean number of responded insects. The essential oil of fennel (seeds) (Foeniculum vulgare) did not show any toxic effect up to the concentration of 300 µl/370 ml air and Common Sage (Marmaria leaves) (Salvia officinalis) up to 250 µl/370 ml air during the first 48 hrs then they showed a very weak effect. The essential oil of spearmint leaves (Mentha spicata L.) was the utmost toxic and had a lowest LC 50s calculated by 4.43, 3.88 and 3.27 µl/370 ml air after different exposure periods of 24, 48 and 72 hrs, respectively, followed by the essential oil of clove (Syzygium aromaticum) (382.62, 79.95 and 9.23 µl/370 ml air, in respect). In this concern, clove showed its higher toxicity after 72 hrs. The mortality of the exposed adults to EOs increased with the increase of concentrations and time of exposure to each one. The calculated values of toxicity index showed that the essential oil of mint was the most toxic EO (100%) followed by clove (35.43%). Moreover, log (dose)/N.E.D. (response) (Ld-p) regression lines for certain bio assayed botanical essential oils against S. oryzae were also illustrated. Therefore, it could be recommended that the essential oils of spearmint leaves and clove buds could be used to control the rice weevil, S. oryzae.
INTRODUCTION
Stored grains are subject to loss due to several causes, including physical, sanitary and nutritional degradation, from their maturation to the consumption. Grain loss may be caused by fungi, insect-pests and the inadequate handling from harvest to storage and all these factors can result in important financial losses (Lazzari and Lazzari, 2002) . Loss may reach 10% of the total product each year, which translates to 10,000,000 tons of grain lost per year (Smiderle, 2007) . Among the stored grain insect-pests, the rice weevil Sitophilus oryzae (Linnaeus) (Coleoptera: Curculionidae), is considered to be the most important insect-pest of stored rice causing quantitative and qualitative losses (Sartori et al., 1990) . This species is found throughout warm, tropical regions of the world and it may infest grains in the field prior to storage (Pacheco and Paula, 1995) . In warmer regions, natural aeration is not sufficient to control infestations, requiring the application of chemical control (Moreira, 1993) . However, the indiscriminate application of synthetic products (insecticides) had led to various problems including toxic residual effects, environmental pollution, and development of resistance in insects (Isman, 2006) . The use of a mixture of insecticides also favors the development of resistant strains which then makes subsequent pest management difficult (Pereira et al., 1997) .
The most effective and fast method to suppress stored grain pests is fumigation. Phosphine is the most used fumigant, but the incorrect use of phosphine has selected resistant pest populations (Calil, 1995) . Methyl bromide, a widely used fumigant for insect pest control in stored products is not being used anymore because it has been reported to cause ozone depletion (Lee et al., 2001a) . Therefore, there is an urgent need to develop safe, convenient and low-cost alternatives. Considerable efforts have been focused on the use of plant-derived materials including essential oils as bioinsecticides. Essential oils have demonstrated toxic effects against stored-product insects (Rajendran and Sriranjini, 2008) . Essential oils and their components are gaining increasing interest because of their relatively safe use and potential for multi-purpose functional use (Feng and Zheng, 2007) . These compounds are typically lipophylic, with potential for toxic interference in basic biochemical processes with physiological and behavioral consequences for the insects (Prates and Santos, 2002) . Therefore, botanical insecticides may offer an alternative solution for pest control. Botanical essential oils and their constituents have been shown to possess potential for development as new fumigants and they may have advantages over conventional fumigants in terms of low mammalian toxicity and low environmental impact (Franz et al., 2011; Yazdgerdian et al., 2015) . Such products of higher plant origin may be exploited as eco-chemical and biorational approach in integrated plant protection programs (Dubey et al., 2010) .
It was acknowledged that various plant oils or extracts can exert toxic activity against some insect species. Essential oil of thyme, Thymus serpyllum (rich in thymol and carvacrol) was very effective when treated as fumigants against the bean weevil Acanthoscelides obtectus (Bruchidae) (Regnault-Roger et al., 1993) . Mint, Mentha sp. (Labiatae) produces an essential oil rich in menthone (14 32%) and menthol (30 50%) (Cardoso et al., 2001) . Menthol has wide application in the food and pharmaceutical industry; also exhibited insecticidal activity (Agarwal et al., 2001) . Fennel extracts was reported to have insecticidal activity against different mites and insects (MimicaDuki et al., 2003 and Lee et al., 2006) .
The objective of the present investigation was adopted to test the insecticidal properties of the extracted botanical essential oils of spearmint, bitter orange, lemon, the Brazilian pepper, thyme, sweet basil, fennel, clove, eucalyptus and sweet sage(Marmaria) as eco-friendly fumigants to be used for controlling the rice weevil, S. oryzae.
MATERIALS AND METHODS

Essential oil tested
Essential oils (EOs) of different parts of the evaluated botanical materials were isolated by steamdistillation. Table (1) shows the common and family names of the evaluated essential oils, the used parts and their major constituents.
Sample preparation and essential oil extraction
The buds, leaves or fresh peels were collected and purchased from the local market in Alexandria, Egypt and then they were washed and dried. Firstly, 100g of each sample were air dried at (25°C) and submitted for 4 hours to steam-distillation using the Clevenger typeapparatus. The EOs of all dried samples (100g) were isolated by steam-distillation for 3 h, using a Clevengertype apparatus according to the method recommended by the British Pharmacopoeia (1988) . The distillated essential oils (EO) were dried over anhydrous sodium sulphate and then stored in sealed glass vials at 4 to 5°C until use. (Camara et al., 2015) , 2 (Bendaha et al., 2016) , 3 (Verzera et al., 2004) , 4 (Joshi, 2013) , 5 (Dambolena et al., 2010) , 6(Abrha and Unnithan, 2014), 7 (Cases et al., 2009 ), 8(He and Huang, 2011 ), 9(Nassar et al., 2007 , 10 (Frizzo et al., 2000) , 11 (Porte et al., 2013) and 12 (Snoussi et al., 2015) .
The tested insect
A susceptible laboratory strain of the rice weevil, Sitophilus oryzae, was obtained from a stock culture maintained at the laboratories of Plant Protection Dept., Faculty of Agric. (Saba Basha), Alex. Univ., Egypt. The adults of 2-3 weeks old were used for bioassay tests.
Bioassay
A Whatman (#1) filter paper was treated with different concentrations of pure essential oil (a range of 1-300 l/370 ml air). A piece of filter paper (2x2 cm for the concentrations of 1-100 and 4x4 cm for the other ones of 150-300 l/370 ml air) was fixed in the center of the inner surface of a plastic lid of a 500ml glass jar. Each replicate (glass jar) implied 20 weevils. Mortality was assessed after 24, 48 and 72hrs while the glass jar was still closed. There were three replicates of 20 S. oryzae for each concentration and the untreated check (control). Mortality of treatments was adjusted according to Abbott (1925) formula if a proportion of insect control died during the experiment.
Data analysis
Probit analysis was used to calculate LC 50 (concentration causing 50% mortality) compared with the control , Lc 90 values and their fiducial limits (confidence intervals) for each evaluated essential oil that give a reasonable relation between dose and mortality (response) that could be used easily for probit analysis (Finney, 1971) . Toxicity Index (%) (based on LC 50 after 72 hrs) was calculated according to Sun (1950) . Toxicity Index= Lc50 of the most toxic oil /Lc50 of the other compared oil. Meanwhile, the Ld-p lines of these essential oils were plotted.
RESULTS AND DISCUSSION Mortality of S. oryzae varied from 10 to 100% after 24, 48 and 72 hrs exposure to each of the bioassayed botanical essential oil (EOs) evaluated by the fumigation technique which was taken into consideration after testing a wide range of these EOs. The obtained results elucidated that the efficiency of the oils was directly related to concentration and response. The guide Tables: 2, 3 and 4 represent the detected effective range of the evaluated EOs concentrations, the mean number of dead insects (S. oryzae adults) and mortality percentages after the different adopted periods of exposure [24 (Table 2) , 48 (Table 3 ) and 72 hrs (Table4), respectively).
Such guide tables would be of great importance for the research workers since they will facilitate the selection of the concentrations that can be tested against the target insect.
Generally, it could be noticed that two essential oils showed little bioactivity (sweet basil and thyme), six oils caused significant adult mortality and two had none (fennel and common sage). Thyme was found to have a weakened delayed effect and was only efficient and more toxic after 72 hrs of exposure but it was still the least effective oil.
The toxic effects of the essential oils are depending on both of the mode of action and the target pest (Liu et al., 2006) , besides, the species of the botanical material and its freshness.
Six EOs were found to be active as fumigants against S. oryzae exhibiting higher mortality at the initial evaluated concentrations and at the end of the exposure periods (after 72 hrs) as shown in Table 4 . These oils showed a concentration mortality relationship and therefore, LC 50 values can be calculated and Ld-p lines can also be drawn. The essential oil of fennel (seeds) did not show any toxic effect up to the concentration of 300 µl/370 ml air and Common Sage (Marmaria leaves) up to 250 µl/370 ml air). Nevertheless, extracts of fennel were found to be toxic against Culex pipiens larvae, and terpineol and 1,8-cineole were the most effective components against Anopheles dirus and Aedes aegypti, as shown by Kim and Ahn (2001) , Traboulsi et al. (2005) and Lee et al. (2006) who suggested that fennel could be used as an alternative of synthetic insecticides.
Meanwhile, the essential oil of O. basilicum exhibited weak fumigant toxicity against S. oryzae adults. The essential oil of O. basilicum might be required in higher concentrations than those of the other tested EOs to kill stored-grain insects. The essential oil of spearmint leaves (Mentha spicata L.) was found to have the greatest toxicity and lower LC 50s (LC 50 =12.32, 9.77 and 7.79 µl/370 ml air) after different periods of exposure (24, 48 and 72 hrs, respectively), followed by the essential oil of clove (382.62, 79.95 and 9.23 µl/370 ml air, in respect) (Table 5 ). It could be also noticed that clove showed its higher toxicity after 72 hrs. The essential oil of bitter orange peel was more toxic than that that of lemon against S. oryzae (LC 50 values = 39.76 and 115.76 µl/370 ml air, respectively).
The mortality of exposed adults to EOs increased with the increase of concentration and time of exposure.
Therefore, based on the deduced LC 50 values of the tested oils, extracted essential oils of spearmint (Mentha spicata L.) and clove buds were the most active fumigants against the rice weevil Sitophilus oryzae , presenting safer alternatives to conventional insecticides. Moreover, the calculated values of the toxicity index proved that EO of spearmint was the most effective tested compound (100%), followed by clove (35.43%), orange (8.22%) and Brazilian pepper EOs (5.93%) ( Table 5) .
Orange
In this concept, these results could be attributed to the compounds presented in the essential oils of spearmint, clove, orange and Brazilian pepper, whereas the toxicity of spearmint is due to its biologically active major compounds that have been found in peppermint (menthol, isomenthone, limonene and 1,8cineole) (Snoussi et al., 2015) . The Brazilian pepper leaves was found to contain up to 5% essential oil including biologically active triterpenes and sesquiterpenes. The essential oil present in the leaves, bark, and fruit of the Brazilian pepper tree is a rich source of chemicals (over 50 constituents identified thus far, including biologically active triterpenes and sesquiterpenes) (deNascimento et al., 2012) .
Figure (1) Derbalah and Ahmed (2011) who showed that the oil and powder of M. viridis were effective against S. oryzae with the respect to adults mortality. Relevant results have been described for Mentha species essential oils in controlling diverse pests of stored products. Benayad et al. (2012) evaluated the chemical composition and insecticidal effect of essential oils of M. suaveolens and M. pulegium against S. oryzae and R. dominica. The essential oils were very toxic for the two Coleopteran species within the first 24 hours, with 100% mortalities when concentrations of 50 l and 12 l/ Petri dish of 9 cm diameter were used, respectively.
The toxic effects of essential oils involve many factors, among which are the entry points of toxins (inhaled, ingested or absorbed) and which may have contact, fumigation and phagoinhibitory effects (Regnault-Roger, 1997). The variation in toxicity was found to depend upon the type of the evaluated essential oils. The essential oils, especially those oils of spearmint and clove can be used as effective control agent for stored grain pests by fumigation. However botanical compounds have some limitations such as low bioavailability, high volatility and photodegradation that restrict their use in several occasions (Madhusudhanamurthya et al., 2013) .
A number of investigations (Ho et al., 1997; Huang et al., 1998) have demonstrated contact, fumigant and antifeedant effects of a range of essential oil constituents (cinnamaldehyde, -pinene, anethole), as well as extracts of cloves (Syzygium aromaticum) and star anise (Illicium verum) against the red flour beetle (Tribolium castaneum) and the maize weevil (Sitophilus zeamais). Eugenol, the major constituent of oil of cloves and holy basil, Ocimum suave, was shown to be effective against S. zeamais and T. castaneum and another two additional coleopterans, S. granarius and Prostephanus truncatus (Obeng-Ofori and Reichmuth, 1997) . Essential oils and their combinations were also useful as fumigants for the protection of stored rice against the rice weevil ( Lee et al., 2001b) .
Essential oils from different plant species possessed ovicidal, larvicidal and repellent effects against various insect species and are regarded as environmentally compatible pesticides (Isman, 2000; Cetin et al., 2004) . This study has explored the potential for development of certain essential oils (spearmint, clove, orange and Brazilian pepper) especially from conifers to be effective, economically and environmentally friendly commercial insecticides for controlling the rice weevil Sitophilus oryzae.
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